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.. Aldol Condensation 


» Aldehydes having a- hydrogen undergo self-condensation on 
warming with dilute or mild base to give B-hydroxy aldehydes, 
called aldols (aldehyde+alcohol). This reaction is known as aldol 
condensation. 
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--The reagent such as dilute sodium hydroxide, aqueous alkali 
carbonate, alkali metal alkoxide, etc., may be used. 


» Aldol condensation has broad scope. It can occur between 
i, two identical or different aldehydes. 

2. Two identical or different ketones. 

з. An aldehyde and a ketone. 


» When the condensation is between two different carbonyl 
compounds, it is called as crossed aldol condensation. 





catalyst: 
NaOH 
CH4CHO * HCHO — CH,——CHCHO 
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Mechanism: 
Step 1: The hydroxide ion deprotanates the aldehyde reversibly. 


Step 2: Enolate ion 1 adds to the unreacted aldehyde. 


нс—с— н + CH,CHO 


Step 3: Alkoxide ion 2 is protonated by water. 
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Step 4: Aldol 3 is an enolizable aldehyde. A small amount of it is converted to the corresponding enolate ion (4) by the hydroxide ion. 
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Step 5: Enolate ion 4 loses a hydroxide ion. 
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> The Perkin reaction is an organic reaction developed by William 
Henry Perkin that is used to make cinnamic acids. 


> It gives an a,B-unsaturated aromatic acid by the aldol 
condensation of an aromatic aldehyde and an acid anhydride, in 
the presence of an alkali salt of the acid.The alkali salt acts as 
a base catalyst, and other bases can be used instead. 
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1. NaOAc 
0 0 2. base (e.g. NaOH) 





3. acid work-up 





> Mechanism reactions as follows. 
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ittig reaction(important) 


> The Wittig reaction or Wittig olefination 1s a chemical reaction of 
an aldehyde or ketone with a triphenyl phosphonium ylide (often 
called a Wittig reagent) to give an alkene and triphenylphosphine 
Oxide. 


» The Wittig reaction 15 the overall substitution of a C=O bond to a C=C 
bond. 

> It is a reaction between a cabonyl compound (aldehyde or ketone only) 
and a species known as a phosphonium ylid. 

> An ylid is a species with a positive and negative charges on adjacent 
atoms. A phosphonium ylid carries its positive charge on phosphorus. 





triphenylphosphine phosphonium ylid 
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triphenylphosphine phosphonium 2. phosphonium ylid 


Phosphonium ylids are formed from the reaction of a phosphine 
(triphenylphosphine) with an alkyl halide (methyl iodide) to give а 
phosphonium salt. This is then deprotonating using a strong base (NaH) 
to give the ylid. 
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> Below is an example of a typical Wittig reaction. The phosphonium 
vlid is treated with the carbonyl compound (cyclohexanone) to give 
the alkene in 85% yield. 
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alkene, 85% yield 
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Mechanisn of the reaction as follows 


» The mechanism involves addition of the carbanion nucleophile to the 
electrophilic carbon of the carbonyl, followed by a breakdown of the 
resulting oxa-phosphetane intermediate. A molecule of 
triphenylphosphine oxide (Ph3P=0) is generated along with the alkene 
product. 
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3.Rieman —Tilemann reaction 


» The Reimer-Tiemann reaction is a chemical reaction used for 
the ortho-formylation of phenols. the simplest example 
being the conversion of phenol to salicylaldehyde. 
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> Chloroform (1) is deprotonated by strong base (normally hydroxide) to 
torm the chloroform carbanion (2) which will quickly alpha-eliminate 
to give dichlorocarbene (3) 


» this is the principle reactive species. The hydroxide will also 
deprotonate the phenol (4) to give a negatively charged phenolate (5). 
The negative charge is delocalised into the aromatic ring, making it far 
more nucleophilic and increases its ortho selectivity. 


» Nucelophilic attack of the dichlorocarbene from the ortho position 
gives an intermediate dichloromethyl substituted phenol (7). After 
basic hydrolysis, the desired product (9) 16 formed. 
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> The Claisen condensation is а carbon—carbon 
bond forming reaction that occurs between two esters or one ester and 
another carbonyl compound in the presence of a strong base, resulting 
in a D-keto ester or a B-diketone. 


» It is named after Rainer Ludwig Claisen, who first published his work 
on the reaction in 1887. 
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Иесһапіѕт of the reactions as follows 


Description: 

> In the first step of the mechanism, an a-proton Is removed by a strong base, 
resulting in the formation of ап enolate anion, which 15 made relatively stable 
by the delocalization of electrons. Next, the carbonyl carbon of the (other) 
ester 1s nucleophilically attacked by the enolate anion. The alkoxy group ts 
then eliminated (resulting in (re)generation of the alkoxide), and the alkoxide 
removes the newly formed doubly a-proton to form a new, highly resonance- 
stabilized enolate anion. Aqueous acid (e.g. sulfuric acid or phosphoric acid) 
is added in the final step to neutralize the enolate and any base still present. 
The newly formed B-keto ester or B-diketone is then isolated. Note that the 
reaction requires astoichiometric amount of base as the removal of the 
doubly a-proton thermodynamically drives theotherwise endergonic reaction. 


» That is, Claisen condensation does not work with substrates having only 
one a-hydrogen because of the driving force effect of deprotonation of the В- 
keto ester in the last step. 
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1) Enolate formation 









2) Nucleophilic attack 
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Dieckmann condensation 


> The Dieckmann condensation 15 an organic reaction used to form a 
carbon-carbon bond between two tethered ester groups using an 
alkoxide base in alcohol to make a cyclic B-keto ester. This react 
ion 15 essentially an intramolecular form of the Claisen condensation. 
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Mechanism of the reactions as follows 















M Re RRR A IT AX WE 
ОТО = Y С 
| в | e 








» One ester group of the starting material must have an a- 
hydrogen which 1s abstracted by the base to form an enolate 
and alcohol. The enolate then attacks the carbonyl carbon of 
another ester molecule, an OR group 15 released to regenerate 
the base, and the final D-keto ester product is formed. The 
product in base 1s then deprotonated again to form another 
enolate intermediate and acid-workup 1$ required to isolate the 
tinal cyclic D-keto ester product. 
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ich Reaction 


The Mannich reaction is the aminoalkylation reaction, involving the 
condensation of an enolizable carbonyl compound with a nonenolizable 
aldehyde (like formaldehyde) and ammonia, or а primary or a secondary 


amine to furnish a B-aminocarbonyl compound, also known as Mannich 
base 










Mannich base | 










Acidic 
methylene 





Formaldehyde 
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The mechanism of the Mannich reaction starts with the formation of ап iminium ion from the amine and the formaldehyde. 








Tale addition 


> The Michael reaction or Michael addition is the nucleophilic addition of 
a carbanion or another nucleophile to an o,B-unsaturated carbonyl compound. 
It belongs to the larger class of conjugate additions. This is one of the most 
useful methods for the mild formation of C-C bonds. 
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> The a, B—unsaturated compounds undergoing Michael addition 1$ called the 
Michael acceptor, the nucleophile Michael donor, and the product Michael 
adduct. 
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/Iechanism of the reactions as follows 


* Reagents: commonly bases such as NaOH or KOH. 
* The first step 1s the formation of the enolate. 


> Enolates tend to react with a,B-unsaturated ketones via conjugate 
addition. 

> A conjugate addition with a carbanion nucleophile is known as the 
Michael reaction or Michael addition. 
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MECHANISM OF THE MICHAEL ADDITION 


step 1: 

First, an acid-base reaction. Hydroxide functions 
as a base and removes the acidic a-hydrogen 
giving the reactive enolate. 


step 2: 

The nucleophilic enolate attacks the conjugated 
ketone at the electrophilic alkene C ina 
nucleophilic addition type process with the 
electrons being pushed through to the 





electronegative О, giving an intermediate enolate. 


step 3: 

An acid-base reaction. The enolate deprotonates 
a Water molecule recreating hydroxide and the 
more favourable carbonyl group. 
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Problems: 


Enolate Chemistry PS 3 : Claisen Reactions 
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Stobbe Condensa 


> Condensation of aldehydes or ketones with diethyl succinate in the 
presence of a strong Базе to form salts of aß- unsaturated half 
ester. 
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» The reaction 1s specific for succinic ester. 
» although the carbonyl compound may be varied over wide range. 


The carbonyl compounds which may be used are: 
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> Aliphatic апа aß- unsaturate aldehydes 
> Aliphatic,aromatic, alicylic and cyanoketones as also ketoesters. 


Mechanism of Ше reactions as follows, 


> A reaction mechanism that explains the formation of both an ester 
eroup and a carboxylic acid group Is centered around 
a lactone intermediate (5) 
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 Reformatsky reaction: 


> The Reformatsky reaction (sometimes spelled Reformatskii 
reaction) 1s an organic 
reaction which condenses aldehydes (orketones), 1, with a- 
halo esters, 2, using a metallic zinc to form B-hydroxy-esters, 3. 





> It was discovered by Sergey Nikolaevich Reformatsky. 
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Mechanisn of the reactions as follows. 





> In the first step, the a-bromo ester reacts with zinc to form zinc 
enolate which is also called as reformatsky enolate. 


> This formed enolate is less reactive and hence it reacts as the 
nucleophilic partner in an addition to give a-hydroxy esters. 


» Hydrolysis takes place and a-hydroxy ester is generated. 
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CH. CHO + Br СН, COOC, A, Diethyl ether 
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Rearrangement reactions involving C-N bond 
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The interaction of nitrogen-containing heterocyclic compounds. 


> mainly pyridine, quinoline, and isoquinoline, with sodium amide, Na 
NH;, thatleads to the formation of a-amino derivatives. 


> For example, a-aminopyridine is obtained from pyridine: 
(Y) 
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- Mechanism of the reactions as follows. 
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olf- Kishner reduction 









> The Wolff—Kishner reduction is a reaction used in organic chemistry to 
convert carbonyl functionalities into methylene groups. 

> The conversion of CO groups in to CH2 groups by heating their 
hydrozones, semicarbazones, or azines in the presence of sodium 
ethoxide or sodium hydroxide. 
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Mechanism of the Wolff-Kishner Reduction 


1) Deprotonation of Nitrogen 
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4) Protonation of Carbon 
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1) Please draw the products of the following reactions. 
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Temmensen Reduction: 


> Clemmensen reduction 1s a chemical reaction described as 
a reduction of ketones (or aldehydes) 
to alkanes using zinc amalgam and hydrochloric acid. 
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Mechanism of the reaction as follows 


> Here transfer of electrons from metal surface to carbon atom of 
protonated carbonyl group take place. 
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Limitation:- 


» It not applicable to high molecular weight compounds. 


» Certain group which are a sensitive, reduced along with 
carbonyl group. Eg:- Ethylenic double bond carried along 
with a carbonyl group. 
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1-methyl-2-propionyl pyrrolidine 
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2-ethyl-1-methyl piperidine 
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-Meerwin- Varley-Ponndorf reduction:- 


» The reduction of carbonyl groups to alcohols by treatment 
with aluminium isopropoxide in excess of isopropyl alcohol. 
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Mechanism of the reactions as follows 
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 Oppenauer reductions 


» The Oppenauer oxidation is an organic reaction used to convert a 
primary or secondary alcohol to a ketone using another excess ketone 
reagent (such as acetone) and an aluminium triisopropoxide catalyst. 
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Mechanism of the reactions as follows, 


» The mechanism begins with the alcohol replacing one of the 
1sopropoxide groups on the aluminum to generate isopropanol. 
Acetone then coordinates to the aluminum complex and a 
rearrangement reaction occurs which includes а hydride 
transfer from the alcohol to acetone. This process, which 
oxidizes the alcohol and reduces the acetone, results in the 
formation of the final ketone product and regeneration of the 
aluminum triisopropoxide catalyst. 
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Birch reduction 


> It converts aromatic compounds having а benzenoid 
ring into a product, 1,4-cyclohexadienes. 

» In which two hydrogen atoms have been attached on 
opposite ends of the molecule. 

» It is the organic reduction of aromatic rings in 
liquid ammonia with sodium, lithium or potassium and 
an alcohol, such as ethanol and tert-butanol. 


» This reaction is quite unlike catalytichydrogenation, which 
usually reduces the aromatic ring 
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= Mechanism of the reactions as follows, 
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Birch, A. J. / Chem. Soc. 1944, 430-436. 
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Your answer is right or not???? 
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ко t-BuOH DH DS 
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-Hell-Volhard-Zelinsky reac 





> The Hell-Volhard-Zelinsky reaction is an organic reaction used to 
convert a carboxylic acid with an a-hydrogen and a halogen, to an 
a-halo carboxylic acid, using a phosphorous catalyst and water. 


Br 


ЕС COOH + B on) к” “COOH HB 
Гр + 
? HPO, i 


> Inthis reaction, when bromine is treated with catalytic amount 
of phosphorus leads to selective a-bromination of carboxylic 
acid. This reaction is carried out in the absence of halogen 
carrier. This is because, Hell-Volhard-Zelinsky Reaction is carried 
forward by catalytic amount of PBr3. 
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In the first step, bromine reacts with phosphorous to form p 
“ Inthe next step, carboxylic acid is converted to acyl bromide. 
* This acyl bromide undergo Keto-Enol tautomerism and exist in enol form. 


* Enol form undergo rapid bromination at the a-carbon. 
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Sandmever reaction 


• Тһе Sandmeyer reaction is an organic reaction used to 
convert an aryl diazonium salt to an aryl halide using a 
copper(I) halide catalyst. 


Ж = Ul Br СМ 
теле, cat. CuX WX 


И 2 X 94 






Mechanism of the reactions as follows 
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The mechanism begins with a single electron transfer (SET) from 
the copper to the diazonium to form a neutral diaso radical and 
copper(II) halide. The diazo radical then releases a molecule of 
nitrogen gas to form an aryl radical. The aryl radical reacts with 
the copper(II) halide to regenerate the copper(I) halide catalyst 
and yield the final aryl halide product. 
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—Diels-Alder reaction 


» The Diels-Alder reaction is an organic reaction used to 
convert a conjugated diene and a dienophile to a cyclic olefin 
under thermal conditions. 


» Also known as: Diels-Alder cycloaddition. 
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Ж OLIVA) 
АА Heigl As EA ai Such NA Nha DUNE Hl 
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115 isa concerted process where bonds are forming and 
breaking at the same time and the reaction belongs to a class of 
reactions termed ‘cycloaddition’. 


» The Diels-Alder reaction is by far the most famous ‘name 
reaction and it is extensively used in natural product synthesis. 
When predicting the regiochemistry and stereochemistry of the 
product, things to consider are the electronic character of the 
substitutes on the diene and dienophile, the partial charges 
formed, and the orientation of the starting materials when they 
approach each other. 
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> Regiochemistry of the Diels-Alder reaction can be 
predicted using partial charges. 
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endo products 
i (major PA 


exo products 
(minar products) 
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The endo products are kinetically favoured and are the major products 
they are however less stable than the exo thermodynamic products 





Prediction, 


CC 


R? 
Z olefin 
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cis products 


trans products 


